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DEFINITION 
Bioche.ical Oxygen De.and (BOD) is the amount o f  dis s o v l e d  
oxygen used by microorganisms in the biochemical oxidation 
of organic matter for a period of 5 days at 20°C. 
Che.ical Oxygen De.and (COD) is used as a measure of the oxygen 
equi valent of the organic matter content of a sample 
that is susceptible to oxidation by a strong chemical 
oxidant . 
pH is determinat ion o f  activ it y  o f  the hydrogen ion s b y  
potentiometric measurement using a standard hydrogen 
electrode and a reference electrode . 
Total Solid (TS )  is the amount of material residue left afte� a 
sample is dried in an oven at a temperature of 103-105 C .  
Suspended Solid (SS )  is the portion of total solids retained by 
a 1 . 2  pm filter . 
Total Dissolved Solid (TDS )  is the portion that passes through 
a standard glass fiber filter . 
Volatile Suspended S o l i d  (VS S )  is the t o t a l  we ight r e s idue 
suspended solid loss after ignition at 550 to 600°C .  
ix 
Abstract 
A study of waste water characteristics from a hardboard 
factory was conducted in order to determine and identify the 
appropriateness of the waste water treatment process. The 
factory uses a combination of treatment processes such as the 
sedimentation, anaerobic and aerated process. Grab samples 
were used to analyse the crucial parameters of the waste water. 
The results show that the BOD, COD, TDS and SS values' of the 
discharge were 31 mgt!, 409 mg/l, 2,213 mg/l and 107 mgll, 
respectively, while the average removal efficiency were 99.5, 
97.5, 68.4, and 90.5 \, respectively. The raw waste water shows 
a high loading of 10,283 kg/day BOD, 25,623 kg/day COD, 13,380 
kg/day TDS and 2,158 kg/day SS. The overall treatment system 
lias an approximate retention time of 13 days. In addition, some 
properties such as colour, and odour were also obse rved. 
Generally, the results of this study indicated that the waste 
water from the factory was properly treated in compliance with 
the Thai Industrial Effluent Standards. 
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CHAPTER 1 
INTRODUCTION AND OBJECTIVES 
1.1 Introduction 
The present water pollution sit uation in Thailand is a 
major problem es pecially for the Chao Phra Ya river. The 
river flows through Bangkok Metropolitan whose population 
is approximate ly 10 \ o f  the t o t al po pulat io n o f  Th ailan d 
(Sujarittanont , 1983). Many ef forts have been made in the pas t 
to f ind ways to control the pollution of the river. Howe ve r ,  
only a f e w  domestic treatment plants have been constructed so 
f ar. 
Chao Phra Ya river is the most important river, located in 
the central part of Thailand. The river has a total length of 
380 km. with a basin area of 162,000 sq.km. The upper part of 
the river is mainly use d  
lower part is mainly 
purposes . Since 1976 it 
for agricultural purpose where as the 
us e d  fo r in dus t rial and do me s t ic 
was found that the water q uality in 
the river is rapidly deteriorating and the Chao Phra Ya 
Ri ver Water Quality Survey and Monitoring Programme was 
then set up by the Office of the National Environment CONEB). 
The e xis ting w at e r  qual! ty co ndit io n  and s o urce s o f  
pollution have then been determined. I t  was found that water 
in the lowe r Chao Phra Ya river was highly polluted due to the 
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discharge of vaste vater from industrial and domestic 
activities and approximately 30-40 \ of the total waste 
load originated from industrial activity (Phadungchewit, 1986). 
Wo od-b a s e d  i n d u s t r i e s  in T h a i l a n d  a r e  g e ner a l l y  
considered as being among the worst water-polluting industries. 
The wood-based industries mainly produce sheet materials, 
manufactured from wood or other lignocellulosic materials in 
the form of fibers or particles to which are bound together 
with binding agents and other materials to improve certain 
properties. These industries partly solved their waste water 
problems long ago. At least in principle as they recover the 
cooking chemicals by evaporating and burning the black 
liquor. Although these methods could be further refined but it 
results in more air pollution and still there is water 
pollution. 
In general the wood-based panels industries can be divided 
into four important sectors: 
Veneer and Plywood 
Blockboard 
Particle board and 
Fiberboard 
In Thailand, the wood-based industries is growing fast. 
This is due to the high demand for wood based panels such as 
plywood, fiberboard, particleboard, etc. Fiberboard is a 
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s h e e t  m a t e r i a l  m ade f r o m  wood f i b e r  o r  ot h e r  
l ignocel lulosic material , manufactured by interfelting of 
fibers ( into a mat) followed by compacting through rolls or 
by use of platen press . Fiberboards are classi fied according to 
their density and method of manufacture . One of the members 
of the fami ly of f iberboard is the hardboard . 
Hardboard is 
density between 0.80 
a type of fiberboard which has a 
to 1 . 2  g/cm3 or 50-70 Ibs/ft3 but most 
of it has been manufactured with a density of about 1 g/cm3 . 
The hardboards industries tend to p roduce better and cheaper 
products . Hard board has a beneficial cost structure due to 
the possibility of using all forms of off-cut as raw material . 
S c r ap-pe e l i ngs and res i dua l m ate r i a l  f rom the v a r i ous 
manufacturing processes are used in the production of top 
qual ity hardboard . The product can be manufactured by 
either a wet or dry process . 
Only the wet hardboard process p resents any signif icant 
water pol l ution potent i a l . Wat e r  use d  to f o r m  and c onv e y  
fibers must be dra ined and treated as it contains f ine solids 
and dissolved organic chemicals placing a biochemical oxygen 
demand load on the water .  Most ha rdb o a r d  m i l l s h a v e  a 
capacity of 2 0 , 0 00-50 , 00 0  tons p e r  y e a r  and the p o l l ut i ng 
sUbstances were dissolved in fairly large volumes of effluent 
( Gran , 1972 ) . For these reasons the re was l ittle economical 
incenti ve for taking any radical steps towards an efficient 
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waste water control. Today most hardboard mills have to face 
the fact that, due to legislation, they must treat their waste 
water before discharge to the receiving river or stream. 
At 
cutting 
present the Thai 
of timber, the 
government does not 
wood industries have 
allow the 
to change 
into wood-based panels consequently. And new inv-estment 
will move into the hardboard line by using the wet 
manufacturing process because hardboard takes d irect 
responsibility to fulfil the demand. The demand of hardboard 
in Thailand is increasing at about 30 \ annually 
(Bartholomew, 1984). It is known that water discarded from 
wet manufacturing process is highly polluting. However, only 
scant informations are available on water pollution generated 
from these factories. Therefore the purpose of this study is 
to assess the problem of a specific hardboard factory and to 
monitor the e ffectiveness o f  its waste water treatment 
facili ties. 
1.2 Objective of the study 
To determine the quality and quantity of waste water 
generated from a hardboard factory (Thai Plywood Co., Ltd. 
in Thailand). 
To assess the effectiveness of water pollution measures 
undertaken 
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1.3 Liaitations of study 
Waste water from only one handboard factory was studied 
(Thai Plywood Co., Ltd . )  
Ana l y s is of water po l l utio n  p aram eters in term s of 
chemical and physical properties w a s  carried by 
use of grab samples . Onl y  an estimation of flow was 
attempted . 
1.4 Expected of results 
To know the level of wa ter po l l ution from the 
hardboard factory and its comp l iance to the wa ter 
pollution control standards. 
To suggest probab l e  treat"ment proces s in con trolling 
water pollution from hardboard factory. 
2.1 HAllDBOUD 
CHAPTEll 2 
LITERATURE REVIEW 
The wood-ba s e d  pane l s  group o f  p ro du c t s  t r a ditiona l l y  
includes three main types of panels , namely ( FAO , 1986 ):  
- plywood and blockboard 
- particle board 
- fiber board 
The above characterization of the wood-based panels are 
based on natural wood panels i.e., veneer and plywood. While 
the other group is classified on raw material such as particle 
and fiber with pane l products of insulation boards , particle 
b o a r ds , l a m in a t e d  b o a r d  a n d  h a r db o a r d s . The s t a n da r d  
def inition o f  f iberboard which h a s  b e e n m o s t c l e a rly a n d  
accurately defined b y  Akers ( 1 966 ),  a s  a sheet material 
manuf actured from wood or other lignocel lulosic materials 
with the primary bond deriving f rom the arrangement of the 
fibers and their inherent adhesive properties . Bonding agents 
or other materials may be added during manufacture to increase 
strength, resistance to moisture , fire , insects or decay ,  
o r  to improve some other property o f  the product. The Rome 
consultation ( FAO, 1 966 ) ref e r r e d  f ibe r b o a r d  a s  b o a r ds 
u s u a l l y  m a nu f a c t u r e d  f r o m  wo o d  c h ip s t h a t  h a v e  b e e n  
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mechan i ca l l y  de f ib r e d  or s t e am -exp l o d e d  o r  f ro m  o the r 
defibred lignocel lulosic materials which are bonded together 
in the form of pane l s, ei ther compressed or nOn­
comp res sed. Depending on the degree of dens ity, the board is  
tradi tionally refer red to as hardboard ( compres sed) and 
softboard or insulating board ( non-comp ressed). 
The clas sification of fiberboard into various types is  
based on ( Kollmann, 1975) : 
a. Type of raw material and method of f iber production; 
b. Method of sheet formation; 
c. Density of p roduct Ckg/m3 or g/cm3 or Ib/ft3) 
d .  Kind and p l ace of application . 
Broadly, the wood-based fiber panel materials ( the 
f iberboard industries) are divided into three groups namely 
( Akers , 1966): 
1. Insulation board or softboard 
2. Wal lboard or mediumboard 
3 .  Hardboard 
The f iberboard industry started with the aim of converting 
more or less worthless or very cheap wood resi dues into more 
valuable and appl icable products . The p re requisite was the 
acquisi tion of  a proper technology, mainly taken ove r f rom 
the paper industry .  The f iberboard industry is rather young but 
ha s a rap id deve lopment. The f iberboard industri es would 
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pref er softwoods but hardwoods are usually cheaper and easier 
to ob t a in. For these rea so n s  mo re a n d  mo re b l e nd ing is 
applied . I n  tropical countries indigenous wood species are 
util ized for the manufa cture of hardboard ( Kollmann , 197 5 ) .  
Nearly all of the species available are applicable. Al l wood 
s pecies are a ctually suitab l e  as a ra w m aterial f o r  th e 
produ ction o f  hardboa rd , even when m i xed . W o o d  o f  s m all 
dimensio ns ( thinings, tops and fores t waste) is also a good 
raw material for the hardboard indus try, even if mixed in a 
wide range of proportions. 
For hardboard, it has a much higher density and has 
greater rigidity than wallboard and insulation board . There 
a re three main types of hardboard ( Akers,1966) namel y: 
a. Medium hardboard 
b .  S tandard hardboard 
c .  Tempered or super or o il tempered hardboard. 
a. Medina hardboard : This class of hardboard has a density of 
between 30 lb and �O Ib /f t3 ( 400 kg and 800 kg/m3 ) and is 
produced with a thicknesses of 3/16 in to 1/2 in (4. 8 mm to 
12.7 mm). This particular board has a density of 37 lb/f t3 
(600 kg/m3 ) and is intended as a competitor for the particl e 
board market. 
b.  Standard hardboard : This type of hardboard is the mos t  
widely used. It has a density exceeding 55 l b/ft3 ( 880 kg/m3 ) 
and the commonest thicknes s is 118 in (3.2 mm) .  
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c. Teapered hardboard: Thi s h a r db o a r d  h a s  a dens i ty i n  
excess of 55 lb/ft3(880 kg/m3), Tempered hardboard i s  �sually 
of higher density than the standard type and is specially 
treated during manufacture to increase strength and to give 
added water resistance. The common thickness is 1 /8 in but a 
3/16 in thi ckness i s  also available. 
l.2 Properties of Hardboard 
The properties of hardboard vary considerably . There are 
differences not only due to the raw material used and the 
basic manufacturing p rocess used but also resulting f rom 
subsequent p rocessing such as gluing , impregnation , heat­
treatment, and temper ing . Therefore it is very di f f icult to 
compare figures for physi cal , mechanical, or technological 
p r operti es, obtai ned f rom va r i ous sou r ces. F r o m  the 
standpoint of application three types of properties tests must 
be considered: 
a) Method of test for the general evaluation of physical 
and mechanical properties. 
b) Quality control procedures, for use by manufacturers 
in order to maintain the desi red quali ty. 
c) Acceptance tests, as a means of establishing 
product quality in relation to specification requi rements for 
general or for specific uses (Akers, 1 966). 
The density of the hardboard mainly influences the 
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mechanical properties such as elastici ty, strength, 
hardness, abrasion resistance, nail holding power, etc. 
Other physical properties such as sorption and swelling, 
behaviour during drying, thermal drying, thermal properties, 
electrical and acoustical properties also depend upon density. 
Summaries of properties for hardboard are presented in 
Table 2.1 and the data from the Thai Plywood Company Limited 
is given in Table 2.2. The hardboard may be used as 
components in special constructions for reducing sound 
transmission. The mass and the continuity of construction, 
and the use of double-shell constructions affect the overall 
transmission. Perforated hardboard is becoming very 
popular; its use for acoustical purposes was also mentioned 
(Akers, 1966). 
Large flat sheets of hardboards are popular due to the 
possibility to bend, post-form to curved shapes, 
easily fasten by nailing, screwing, cemen ting, wi th 
special systems or clips. In S candinavia all standard 
hardboard is heat treated (Tempering) hardboards by 
treating with a drying oil and then subjecting to heat 
slightly increases the density but imparts superior strength 
and water resistance. 
2.3 Application of Hardboard 
There is a multiplicity of uses for hardboard more 
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Table 2.1 Physical and mechanical properties of hardboard 
Property 
'mity g/ell or lb./sq.ft. 
KodlllS of n,tm k,/el2 or lb./sq.iI. 
{�eI'ia9 Itm,tk' 
Kohlllof kp/ca2 or lb./lq.ia. 
elisticity h 
�el'h9 
'mile strel,t. 
pmllel to nrfm 
9illes il letrie Ilits 'illes il BI,lis. Ilits leferelce 
Stndu' 
0.90 ... 1.05 55 ... 65 P10 (1951/59) 
0,1 .... 1.05 54. .. 65 (oillin mm 
luolite 
1.03.. .1.1l 63...61 (ollml (195l) 
Oil tea,ere' 
1.02 ... 1.06 63 ... 66 FlO (1951/59) 
Stu'id 
100 ... 550 4,100 ... 1,800 flO {l951/591 
210 ... 550 3,900 ... 1,800 (oHana (l95l) 
Imtih 
620 ... 110 a,IOO ... Il,IOO (oHlna (l95l) 
Oil teapered 
450 ... 100 6,400 ••• 10,000 FlO (1958/591 
Stu.n. 
21,000 ... 56,000 400,000 ... 110,000 PiO (1951/59) 
25,000 ... 40,000 155,000 ••. 510,000 (oHana (19m 
1iIOlite 
67 ,000 950,000 (oHana (195l) 
Oil teapered 
56,000 ••• 70,000 aooo,OOO ••• 1,000,000 P10 (l951/S9) 
stn.u' 
210 ... 400 3,000 ... 5,100 FlO (1951/59) 
aD .. .110 2,000 ... 4,700 (ollun (l9Sl) 
Iuolite 
290 4,100 (oUlm (19511 
Oil telpered 
450 .. .550 6,400 ... 1,aOO PlO (1951/59) 
Table 2.1 ( Continued ) 
Pro,erty 
liter Iblorptiol 24 '-illeraiol It 20°c 
Inil'l Iheu Ilpmioll 
Coefficint of Unlll eOI •• cthity 
'Ille iJ letric 'Jits 
, tei,U or ,olue Sti .. u' 
14 ... 25 
10 .. .30 
Oil telpered 
... .20 
, stndud 
0.60 
oil telpered 
0.40 
tell/I' °c Stn'nd 
.t., ii" sq ft op O.ll 
1.10 
0.095 
Oil tea,ered 
0.15 
1.20 
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lelereaee 
(oUlm (l9Sl) 
flO (195./591 
flO 095./591 
PIO 095./591 
FlO (1958/59) 
PIO umml 
FlO (195./591 
(oUlm '01. I 
p.249, eltrl,ollte' 
PIO 1195./591 
FlO (195./591 
1 Change in l inear dimens ion when a b o a r d  with an 
equilibrium moisture constant of 50\ RH is brought to 
equillibrium moisture content at 97\ RH at 20°C ( 6Sop) 
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Table 2.2 Properties of hardboard manufactured from Thai 
Plywood Company by Asplund Process . 
amity 
later eOltelt 
!kickleas siellil, 
later ahor�tiol 
IIohlu of fI,tne 
nieum lot ,mter thl 1 • 
t�ieuell ,reater t�al 1 .. 
Ville 
100-1,200 (,1.1 
HS \ .y leigH 
lot ,reiter tkil ) II )0 \ (Ial.) 
,mter t�iI 1 .. 20 \ (au.) 
lot ,reater tkal 1 II 40 \ by lei,kt (Ial.) 
,mter thl ) .. 
l.I (,1.2 (Iii.) 
l.S (,1.2 (.iI.) 
30 \ by lei9�t (Ial.) 
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diversif ied than other board . Hardboards are used with respect 
to pane l l i ng, c e i l i ngs, and pa r t i t i on s . F a c t o r y  fi n i shed  
hardboard in  ceramic-tile or  other patterns i s  used in 
increasing quantities as interior wal l  covering in kitchens 
and bathrooms and as an exterior covering for houses and other 
buildings , as a maintenance or modernizing material in 
house repai r  and improvement , i n  furni ture and cabinet 
app l i cat ions a s  f l a t  sheets  and c u r v e d  to shape  f o r  doo r 
construction , perforated for backs of radio and television 
cabinets , for panel l ing in automobiles , t ruck bodies , railway 
passenger cars and freight cars , as a l ining for concrete 
forms ( shuttering) , for novelties and speci al items such as 
cut-out letters for advertising , fixtures for stores , toys , 
games , work bench tops , trunks etc . The U . S .  War Production 
Board listed more than 300 uses for hardboard (Kol lmann ,  
1 975 ) . 
Standard quali ty hardboard i s  suf f i ci ently durable 
f o r  n e a r l y  a l l  i n t e r i o r  o r  e x t e r i o r  p u r po s e s , 
particularly it protected with a paint or other  f i lm .  However 
in more recent type of plywood , face veneers are replace by 
hardboard . The application of hardboards are given below : 
a )  Acoustical board , panels specially  fabricated with 
numerous holes , grooves or other sound traps for interior use 
in ceilings and wal ls where reduction of sound reflection is 
des i red. Usually they are backed with an insulation material . 
